With Hubble Space Telescope imaging, we investigate the progenitor population and formation mechanisms of the intracluster light (ICL) for 23 galaxy groups and clusters ranging from 3×10
INTRODUCTION
Intracluster light (ICL) is the diffuse, low surface brightness component of galaxy groups and clusters. It is composed of stars that are not bound to an individual galaxy but are instead associated with the cluster potential. Any star that becomes unbound from its parent galaxy in the cluster remains in the ICL, making the ICL a fossil record of all past interactions. The colour, metallicity, spatial distribution, and surface brightness of the ICL reflect the properties of galaxies in which the intracluster stars originated, effectively encoding the formation history of the cluster. Not only is the formation of the ICL closely linked to the process of cluster assembly (Rudick et al., 2006) , it also offers a way to constrain how galaxies evolve and interact in the dense environments of galaxy groups and clusters. Each formation mechanism affects the distribution of intracluster stellar populations in different ways. We can use observations of the colours of galaxies and the colour distribution of the ICL to discern which mechanisms play the largest roles in the build-up of the ICL. The three main channels for ICL build-up and their effects on the ICL colour gradient are:
(1) Complete dwarf disruption: Low mass, and thus lowmetallicity, (Zaritsky et al., 1994; Skillman et al., 1996) dwarfs can be completely shredded by cluster tidal forces. The depth within the cluster potential at which each dwarf is shredded depends on the mass of the dwarf, forming a colour gradient as bluer, lower-mass dwarfs are disrupted at larger cluster radii compared to more massive, more metal-rich galaxies (Rudick et al., 2010; Melnick et al., 2012; Conroy et al., 2007) . (2) Partial tidal stripping: Tidal interactions play a significant role in galactic evolution. Tidal interactions liberate stars from these galaxies and deposit them in the ICL. Because galaxies have internal colour gradients (La Barbera et al., 2012; Kuntschner et al., 2010) , the radius to which stars are stripped within a galaxy determines the metallicity, and hence colour, of the stars that are liberated. Further into the cluster potential, tidal forces can reach deeper into a galaxy to strip redder, more metal-rich stars. This trend creates a radial colour gradient in the intracluster stellar population. (3) Major Mergers: A significant fraction of stars may be liberated from a galaxy merging with the BCG via violent relaxation (Murante et al., 2007; Conroy et al., 2007; Lidman et al., 2013) . These violent events serve to erode any existing stellar population gradient (Kobayashi, 2004; Di Matteo et al., 2009; Eigenthaler & Zeilinger, 2013) . Thus, if central major mergers are a dominant channel for ICL formation then we should see relatively uniform ICL colour profiles.
Fundamentally, the formation of the ICL depends on the types of galaxies and their interactions at the group or cluster centre. Given the overabundance of early type galaxies in the centres of groups and clusters (Dressler, 1980; Park & Hwang, 2009) , the dominant progenitor population and formation mechanism of the ICL is likely one that involves early type galaxies -partial tidal stripping of massive galaxies and violent relaxation after central major mergers. However, precisely which progenitor population is accountable for the majority of the ICL build-up remains uncertain. The observational results of Morishita et al. (2016) suggest that log(M /M )<9.5 galaxies are the dominant contributor to the ICL. Others recent observational studies favor galaxy-galaxy tidal interactions and tidal stripping via the cluster potential of log(M /M )<10.5 galaxies for the origin of the ICL (Annunziatella et al., 2016; Montes & Trujillo, 2014; Giallongo et al., 2014) .
The complete disruption of lower mass satellites cannot be completely discounted as a means for ICL growth however. Dwarf galaxies experiencing strong cluster tides or galaxy-galaxy interactions will invariably be disrupted and their stars will be added directly to the ICL. Recently, Annunziatella et al. (2016) have looked at the distribution of orbits of the dwarf galaxies in Abell 209. They find a deficit of dwarfs with radial, plunging, orbits, which is consistent with the picture of either cluster tides or merging events with the central BCG as the dominant modes of ICL formation. However, the fractional amount of the ICL contributed by these disrupted dwarfs is expected to be far less significant than that from tidal striping of moderate luminosity galaxies (Contini et al., 2014) .
The transfer of stars from galaxies to ICL will leave a mark on the luminosity function of galaxies in the cluster core. Giallongo et al. (2014) find that the luminosity function within 200 kpc of CL0024+17 exhibits a significantly shallower faint-end slope compared to a composite luminosity function of galaxies out to the virial radius for clusters of similar redshift. This difference in faint-end slope can be explained by a significant fraction of the stellar mass in intermediate and low-mass galaxies being removed via tidal interactions over time. Further, they compute the difference in emissivity between the inner and outer luminosity functions to be in the same range of their measured ICL luminosity fraction of ∼23%.
Similarly, Annunziatella et al. (2016) look to differences in the stellar mass function of the inner cluster compared to that of the entire cluster as a means to identify the ICL progenitor population. In the case of Abell 209, they too find that the stellar mass function in the central region shows a deficit of galaxies at masses M<10 10.5 M , and that integrating over this 'missing mass' adds up to the observed ICL mass. They conclude that 90% of the ICL in Abell 209 is consistent with originating in galaxies with 10 9−10 M * .
In our own pilot study of the ICL in DeMaio et al. (2015) (hereafter Paper I), we find that the dominant formation mechanism of the ICL is likely tidal stripping of the outskirts of galaxies with L>0.2 L* (log(M /M )>10.4). We disfavor central major mergers as a dominant formation mechanism of the ICL based on the observed blue-ward colour gradients, which cannot be produced via major mergers (La Barbera et al., 2012) . Additionally, we find a total luminosity of ICL that is inconsistent with the expected frequency of violent major mergers in the formation history of the cluster since z=1 (Lidman et al., 2013) . Of the recent observational studies identifying the progenitor population of the ICL, ours (Paper I and this work) imposes the highest mass limit on the dominant contributors to the ICL build-up. We note that the models of Contini et al. (2014) suggest that a significant fraction of the ICL originates in massive (log(M /M )>10.5) galaxies as well.
An unanswered question is if the dominant formation mechanism of the BCG+ICL changes for halos of different masses. In lower-mass groups dynamical friction timescales are too long for mass segregation to occur (Ziparo et al., 2013) and thus galaxy groups do not have the enhancement of massive galaxies at the group centre from which to build-up the ICL. However interaction times between galaxies are longer in galaxy groups, allowing for more efficient stripping via tidal processes. The number of high-to-intermediate-mass galaxies, those that likely contribute most to the ICL, are few, and thus the specific quantity of ICL in galaxy groups can vary widely, depending on the accretion history of the group. In particular, Contini et al. (2014) model the ICL of low mass (10 13.4 < M 200 [M ] < 10 13.6 ) haloes; they found larger ICL mass fractions for groups with relatively few, massive galaxies (M > 10 10 M ) and smaller ICL mass fractions for groups with many more, less massive galaxies.
In this paper we expand on our results of Paper I by applying the same reduction and analysis techniques to produce radial surface brightness and colour profiles of the ICL to a maximum radius of 53-110 kpc for clusters from the Cluster Lensing And Supernova survey with Hubble (CLASH) survey (Postman et al., 2012b ) with z>0.25 and 7 galaxy groups from Hubble Space Telescope (HST) Program #12575. Together, these systems represent a sample of intermediate redshift clusters (0.29≤z≤0.89) with M 500,c 1 from 3×10 13 to 9×10 14 M . This study allows us to look to how a halo's mass affects the observed characteristics of its ICL. In Section 3 we describe the reduction process, similar to that of Paper I with additional improvements to the flat-fielding and PSF subtraction. We present surface brightness profiles in Section 4. colour profiles and how we derive ICL colour gradients are presented in Section 5. In §6 we discuss how the ICL luminosity and colour gradients behave as a function of halo mass as well as compare observed ICL colours to equivalent red sequence galaxy colours. Throughout we use WMAP9 cosmology (Hinshaw et al., 2013) .
SAMPLE
Our sample consists of a combination of CLASH clusters (Postman et al., 2012a) and galaxy groups from HST Program #12575. The CLASH survey is a multi-cycle Treasury Program in which 25 clusters at 0.19≤z≥0.89 were imaged in 16 filters with Wide Field Camera 3 (WFC3)/ultraviolet and visible light (UVIS), WFC3/infrared (WFC3/IR) and Advanced Camera for Surveys (ACS)/Wide Field Camera (WFC). CLASH reached 100% completion in Cycle 20 after 524 orbits. The CLASH sample consists of massive clusters ranging in mass from M 500,c = 2.4×10 14 − 9×10 14 M . For our science goals we focus on the near-infrared F105W, F110W, and F160W filters (corresponding to broad bandpasses centred on 1.055Å,1.153Å, and 1.536Å, respectively) from WFC3/IR for the subsample of 20 CLASH clusters with z>0.25. The lower redshift limit is driven by the field of view of WFC3/IR. At z<0.25, a 200 kpc distance is >50 , which leaves insufficient off-source area for sky determination.
At the lower-mass end of our sample, we have seven groups with M 500,c <1×10 14 M . Four of the galaxy groups are part of the supercluster SG1120 (Gonzalez et al., 2005) . Of the remaining groups, two are from the XMM Cluster Survey (XMM-XCS) survey (Mehrtens et al., 2012) and two are from the ROSAT Deep Cluster Survey . All of the galaxy groups have only a single orbit of imaging in F105W and F160W, for a total of 8 orbits for the entire program. These groups were chosen because of their X-ray coverage as well as their intermediate redshift, which is well matched to the median redshift of <z>=0.4 of the CLASH sample. Their redshift range also insures that there is sufficient area to use for a robust background subtraction and that the field of view (FOV) of WFC3 covers an appreciable fraction of r 500,c (60-90%).
X-ray temperatures for all systems are sourced from the literature, which we use to determine M 500,c masses using the Vikhlinin et al. (2009) prescription. For the CLASH clusters we use X-Ray temperature values from Chandra observations published in Postman et al. (2012a) . For XMM022045 and XMM011140 we adopt X-Ray temperatures from Mehrtens et al. (2012) , which are based on XMM-Newton data. The X-ray temperature of RXJ1334 is also from XMM-Newton and originates in Jeltema et al. (2006) . Finally, the four groups of the super group SG1120 have X-Ray temperatures from Chandra, as in Gonzalez et al. (2005) . We are aware that cluster masses derived from Chandra are generally larger by ∼15% than those from XMM-Newton X-Ray temperatures (Mahdavi et al., 2013) . However clusters with k B <5 keV generally do not suffer this systematic difference (Mahdavi et al., 2013 ) and thus we do not apply any corrective factor to the M 500,c values derived for our group sample. The X-ray temperatures used to find M 500,c for the CLASH clusters all originate from Chandra data, and thus do not need any corrections. Table 1 provides details for our sample, including their redshift, M 500,c , and X-ray temperatures. We show the distribution in mass and redshift of our sample in Figure  1 .
REDUCTION
We follow the reduction methodology described in detail in Paper I with a few exceptions. In this section we summarise our reduction steps, going into greater detail for processes that differ from our methods in Paper I. Since Paper I, we have refined the flat-fielding procedure and standardised the methodology for PSF subtraction for those fields with bright foreground stars. Table 1 for a breakdown of imaging and X-ray temperature references. This sample of 23 groups and clusters spans M 500,c = 3×10 13 to 9×10 14 M , making it the largest HST sample of intermediate redshift galaxy groups and clusters used to study the ICL.
Delta Flats
Because we are analyzing the very faint, diffuse ICL, we must take care that there is no large-scale residual variation in the flatness calibration of the WFC3/IR detector. To this end we have created "delta" flats for each filter by stacking WFC3/IR observations of sparse fields with exposure times between 100-1600s (typically several hundred images) bracketing the observation dates of these clusters. We apply these δ-flats to all science images in addition to the pipeline flat-fielding with the flats of Pirzkal et al. (2011) . After applying a 23x23 median smoothing kernel and a 5σ iterative clipping of the large scale variations, we find the δ-flats have rms differences from the Pirzkal flats of 0.8%, 0.9%, and 0.7% in F105W, F110W, and F160W, respectively.
We have made δ-flats for each passband for a sequence of observation date ranges. We multiply each calibrated individual exposure image (flt image) by its corresponding δ-flat (See Table A1 for number of images input to each δ-flat for each epoch.) Flt images have been processed by calwf3 (e.g. dark subtraction, bad pixel identification, flat-fielding, etc), but have not yet been drizzled into a final image (See WFC3 Handbook for more details). For F110W, relatively few observations are available, and thus we have only created 2 δ-flats. For the more commonly used F105W and F160W we have created 3 δ-flats. Each flt image of our science images are matched to the δ-flat with the appropriate filter/epoch combination. We show each epoch/filter δ-flat in Figures A1-A3.
AstroDrizzle
Since Paper I, MultiDrizzle has been replaced by AstroDrizzle for the processing of HST data from WFC3. The most significant difference between our use of these two packages is that with AstroDrizzle sky subtraction cannot be suppressed. We allow AstroDrizzle to run with sky subtraction so that it can properly identify cosmic rays, apply distortion corrections, and drizzle the flts images into the final science images. To avoid over-subtraction of the background during drizzling we then create drizzled 'sky frames'. These frames are the result of drizzling the measured sky values taken from each input flt image in a given science image into a single, constant value at the same output pixel scale as the science images. These sky frames are added back to the drizzled science images. We measure and subtract the background via custom methods at a later step, as described below.
Making the PSF
In our previous analysis, we did not subtract foreground stars for two reasons: 1) no stars with F160W<17 mag fall within the area in which we measured the ICL surface brightness and colour (r< 100 kpc) and 2) bright stars outside of this radius could be masked while retaining a sufficient number of background pixels for the calculation of the background level. All bright stars were masked to large radii to ensure that the light from the extended wings of the point spread function (PSF) was below our level of uncertainty in the measured background level. With other CLASH and group fields we do not always have this luxury. Thus, we must carefully account for the light in the extended halo of the PSF of bright stars because it may bias not only our background determination, but also contribute to artificially high ICL measurements.
The model PSFs of TinyTim (Krist et al., 2011) extend to a maximum of 15 , an insufficiently large radius for our purposes. Further, only the inner 2 are recommended for use due to uncertainties in the models. The profiles of the brightest stars in our images (F160W∼14.5 mag) do not reach the uncertainty in the background until ∼25". Thus, we create a master PSF for each filter by identifying and stacking isolated, bright stars in several alternate fields (see Table B ) to increase the signal in the extended wings of the PSF.
To create the stacked, composite PSF for each filter, we first astrodrizzle each field in a manner identical to how we drizzle the science images. Each image is masked of all objects but the star of interest and then normalised by the median flux in an annulus from 2.9-3.1 from the star centre. All stars from different fields for a given filter are stacked (excluding diffraction spikes). We then construct a radial stellar profile composite. By stacking bright stars we are able to derive a radial PSF profile out to ∼28 , which ensures that we are completely subtracting any contribution of light in the extended wings from our ICL or background measurements for even the brightest stars. We use this radial profile to construct a radially symmetric 2D PSF that is then used for the PSF subtraction in the science images.
In each science field we identify stars brighter than F160W=17.5 mag and then scale the composite 2D PSF to the observed star's brightness by performing a least square fit in which only the normalisation of the master PSF is variable. We then subtract the scaled 2D PSF from each bright star in the science image. This PSF subtraction method ensures that the extended wings of foreground stars are not biasing our measurements and allow us to only mask the inner 5-8 of the brightest stars in the final science images, thus preserving as many pixels as possible for ICL and background measurement.
We also investigate the effect of the PSF on the convolution of the ICL profiles. If the extended wings of the PSF are different in each filter, it is possible that the convolution of the PSF with the BCG+ICL profile may artificially induce a colour gradient. To test the effect of the differential extended PSF wings, we first fit the surface brightness distribution of the BCG+ICL in F160W of MACS1149. Using a single component sersic profile fit centred on the BCG we find best-fit values of µ e =20.6, r e =116 kpc, n=6.3. We then generate an image with these parameters that has the same size and pixel scale as the original field and produce a radially averaged surface brightness profile from this image. This model is then convolved with the 1D PSF profiles out to 26 in F105W, F110W, and F160W. If convolution with the PSF has no differential effect on the derived surface brightness profiles in these filters then we should recover a constant difference when we look at the colour of the convovled profiles. Indeed, we find that the convolved colour profiles show a maximal difference of 0.01 mag arcsec −2 from the expected constant colour outside of 0.5 . We conclude that the convolution of the PSFs for the WFC3/IR filters used in this paper with the BCG+ICL surface brightness profiles does not impact our measured colour profiles.
Masking
After applying a δ-flat to all input images and drizzling, we run Source Extractor (Bertin & Arnouts, 1996) for each group and cluster. We use the F160W filter as the detection image to identify all sources. After identification, we mask all sources more than 10 from the BCG to 3 times the semi-major and semi-minor axis output of Source Extractor, which is 2.5 times the Kron radius. Within 10 of the BCG centre we manually mask sources by extending the mask radius to eliminate galaxy contamination from the final ICL data. Each epoch of data is masked individually and masked images are used to find the sky level. The final mask for each filter is the combination of all the masks from all epochs of that filter. Finally, for a given colour (F105W−F160W or F110W−F160W), we produce a final mask that combines the masks of both filters to insure that there is absolute symmetry in the masking and ICL extraction. See Figures 2-3 for pre-and post-masking examples of the inner 200 kpc of each cluster.
As discussed in Paper I, our results are robust to the masking method employed. What is important is that our masking is sufficiently extensive that the results are convergent rather than sensitive to the extended halos of individual galaxies. The analyses here use a fixed expansion factor of 3 times the output semi-major and semi-minor axis from Source Extractor to define mask sizes. This methodology is similar to that employed by Jee (2010) and Krick et al. (2006) . We also perform a test in which we vary the expansion factor between two and four in our current analysis. We find that both the surface brightness and colour profiles remain consistent within 1 sigma in all cases.
In addition to masking individual sources in each field, we also visually inspect images for any large-scale background structure changes between epochs and mask any significant, large-scale features. While we account for residual large-scale features in the flatness of each image with our application of δ-flats, similar features can be introduced into the observations from time-dependent sources such as scattered light. We identify these phenomenon by taking difference images between epochs in a given filter. If we find large-scale features in these difference regions, we mask them out. Masked pixels are not replaced or used in any measurement of ICL characteristics. An instance of such masking can be seen for MACS1115 in Figure 2 .
Background Subtraction
Because the parallel field observations associated with the CLASH clusters were not taken simultaneously with the science images, we cannot use the parallel fields to determine the background level of each cluster (See discussion in Paper I). Thus, the background level must be determined from the science images themselves. Our dominant source of systematic uncertainty is our background level measurement, which is impacted by the number of available sky pixels in each field that we can use to determine the background.
To find the sky level in each epoch of data, we first excise a 300 (250) kpc radius circle centred on the BCG of each cluster with z>0.35 (z<0.35). To have enough background pixels for a robust background determination, we only excise the inner 250kpc for clusters with z<0.35, as at that redshift 250 kpc corresponds to >50 , or nearly the full radius of the WFC3/IR detector. We then fit and subtract a plane to all unmasked pixels beyond 300 (250) kpc.
To test whether the ICL at 250 kpc and beyond appreciably elevates the observed background level, we take the surface brightness profiles in F160W and fit them with a simple Sersic model extending to large radii (>300 kpc). The integrated ICL light from 300-450 kpc (roughly the largest radius inside of which we determine the sky) corresponds to a flux that is always below the 1σ uncertainty level of the background, often by as much as by 1-2 mag arcsec −2 . Thus even for ICL colours at 200 kpc, a radius to which we generally are not able to measure the colour due to the background uncertainty at such surface brightness levels (∼27 mag arcsec −2 in F160W), we expect minimal systematic bias from using pixels at 250 kpc and beyond in our background measurement.
After excising the inner 250-300 kpc, we then divide the remaining unmasked pixels into twenty-four, fifteen degree wedges centred on the BCG. For each wedge we perform a 3σ iterative clip. The final sky value used for that epoch is then the mean of all wedge values, taking the standard error in the mean as the background level uncertainty. See Table C1 for the background value and error for each epoch of data for all clusters.
SURFACE BRIGHTNESS PROFILES
After masking, background gradient subtraction, PSF subtraction (if necessary), and sky subtraction, we measure the median radial surface brightness profile of the ICL in each filter. Masked pixels in each annuli are ignored and not replaced.
We use decadic logarithmic bin widths to maintain roughly equal signal-to-noise in each radial bin. We measure the ICL surface brightness in dlog(r[kpc])=0.05 and dlog(r[kpc])=0.15 bins, taking the median radius value in each bin as the bin radius. The dlog(r[kpc])=0.05 bins are narrow, and thus the derived surface brightness profiles show considerable bin-to-bin scatter. However, because the bins are so narrow, there is less ambiguity in the bin radius. We use these profiles in subsequent radial trend fits. The dlog(r[kpc])=0.15 bins produce smoothed profiles with less scatter, which we use for clarity of visual representation in this paper's figures.
Because of the multi-epoch imaging available with CLASH we can constrain the systematic variation in our surface brightness measurements by comparing the measured surface brightness of a given cluster on different observation dates. We take this systematic uncertainty, evaluated as the scatter in surface brightness measurements for a given cluster and filter over the available observation dates, as the error in our surface brightness measurements because the statistical errors are sub-dominant to the systematic uncertainty. However, because we have only a single epoch of F105W and F160W data for the galaxy groups, we cannot constrain the groups' surface brightness measurements in the same way. Instead, we make a composite error on the surface brightness to surface brightness (σ µ − µ) relation of all CLASH clusters for F105W and F160W and fit each relation with an exponential function. To find the uncertainty on the groups' surface brightness measurements in a given filter we then use the best-fit exponential and take the corresponding uncertainty given the observed surface brightness. This proceedure assumes that the variation in surface brightness measurements from the multi-epoch imaging of the CLASH survey also represents the level of systematic error measuring the surface brightness of the single-epoch galaxy group images. The data for the groups was acquired in the same time frame as the CLASH sample.
In Figure 4 we show the observed (no passband, evolution, or cosmological dimming corrections) F105W, F110W, & F160W surface brightness profiles (blue, green, and red lines, respectively) for all clusters and groups ordered by redshift, left to right. Groups and three of the CLASH clusters are limited to F160W and F105W profiles (as described in §5.1 below). All systems' surface brightness profiles are truncated when 3 consecutive bins in the dlog(r[kpc])=0.05 profiles have an uncertainty greater than 0.2 mag arcsec −2 (∼20% relative uncertainty). The radius at which this criteria is reached varies cluster to cluster, but generally lies in the range of 26-27 mag arcsec −2 for the CLASH clusters. Because the uncertainty in F105W is higher and we have only a single orbit in both F105W and F160W for the galaxy groups, their profiles reach this criteria at smaller radii, which corresponds to a brighter surface brightness limit.
RADIAL COLOUR PROFILES
We produce ICL radial colour profiles by subtracting the F160W surface brightness profiles from either the F105W or F110W surface brightness bin by bin. In the very core region, the low numbers of pixels in each bin could result in colour profiles that differ from those derived if we instead first produced a difference image and then radially binned. However, at r>10 kpc low numbers of pixels in each bin is not a concern and we do not use the colour profiles within 10 kpc in any quantitative way throughout the extent of this paper. The same masks are used for both filters, ensuring that any observed features in the ICL are physical and not artifacts of different masking.
Our dominant uncertainty is in the measurement of the background, which varies by as much as 75%, 59%, and 45% between epochs in F105W, F110W, and F160W, respectively. To constrain the systematic errors between different filters and epochs we analyze each epoch of data separately. This means that for the CLASH clusters we have an ensemble of 8 colour profiles (all CLASH clusters have 2 F110W epochs and 4 F160W epochs -for a total of 8 possible combinations.) We use the spread between all the individual epochs of colour profiles to constrain the systematic errors between different epochs of data. These systematic uncertainties are considerably larger than any intrinsic uncertainties for a given bin. We therefore take the error in the mean of all individual colour profiles per bin as the error in the final colour of the ICL in that bin.
As a measure of the robustness of our ICL colour profiles we compare the average colour profile produced with each of the bluer filter epochs (e.g. the average of all four F160W image subtracted from a single F110W epoch image).
A CLASH cluster is only included in our final sample if these two profiles of a given colour (either F105W−F160W or F110W-F160W) are consistent within 2σ at all radii (see §5.1). We find that differences between the two epochs of the bluer filter (either F105W or F110W) are the largest source of systematic uncertainty in the colour profiles. This is because the bluer filters are more affected by scattered light and HeI emission from the upper atmosphere (Brammer et al., 2014) . Further, the background noise in F110W is less affected by the diffuse emission of HeI in the upper atmosphere because of its wide wavelength coverage as compared to F105W's smaller bandwidth. For most clusters we are able to minimise any large-scale structure difference in the two epochs of the bluer filter observations by looking at the difference image of the two epochs and masking out holes, peaks, or other large-scale structures in the background (as described in §3.4).
For the groups we employ a similar technique to assess the F105W−F160W profiles produced. The F105W images of the groups consist of 6-8 calibrated individual exposure images (flt image) which are drizzled into the final science images. To assess the spread in measured colour we split the single orbit of F105W data into 2 sets of 3-4 flt images and drizzle them as if they were two different epochs of data. As with the CLASH clusters, the spread in the 'multi-epoch' group colour profiles is used to constrain the robustness of our measured ICL colours. Half of the flts from SG1120-3 and SG1120-4 are contaminated with HeI emission, and were removed. Thus, for these two groups we are unable to split the F105W images into artificial epochs. The final colour profiles of both SG1120-3 and SG1120-4 are the single epoch colours with uncertainties reflecting only the systematic surface brightness measurements uncertainties from the composite CLASH relationship, as described in §4.
Rejected Groups and Clusters
In general, for both groups and CLASH clusters, the F105W−F160W colours show larger uncertainty due to F105W systematically suffering from higher background uncertainty. Of the 20 CLASH clusters with z>0.25, 13 yield robust F110W−F160W profiles. Three of the clusters without solid F110W−F160W profiles do, however, have robust F105W−F160W profiles (RXJ1532, MACS0416, and RXJ2248). To bring the groups and the three CLASH clusters with F105W−F160W profiles to a common colour, we apply a colour correction. See Appendix §D for the details of this transformation. Figure 5 illustrates the raw colour profiles of each system in the final sample that were used to assess whether to include a cluster in the final sample. Of the 20 CLASH clusters available, we exclude MACS1423+2404, MACS0647.8+7015, and MACS0744.9+3927 because the average colour profiles produced with each epoch of their bluer filter (as in Figure 5 for the final sample) are of poor data quality over the majority of the radial range probed in both F105W−F160W and F110W−F160W. Similarly, we exclude RXJ0329 from the final group sample based on inconsistent F105W−F160W profiles beyond ∼20 kpc. Finally, we exclude MACS0717 from the final sample because it is a very dynamic systems of 4 merging clusters with no clear central BCG to which to anchor the radial profiles (Limousin et al., 2012) .
Measuring colour Gradients
To measure the colour gradient of the ICL, we combine all colour epochs into a single average profile for bin sizes of both Depending on filter and cluster, this criteria is reach at ∼26-27 mag arcsec −2 for the CLASH clusters and ∼25-26 mag arcsec −2 for the groups. Error bars are omitted as they are generally too small to be seen and are always less than 0.2 mag arcsec −2 . dlog(r[kpc]) = 0.05 and 0.15, taking the median radius in each bin as the bin location. For the dlog(r[kpc])=0.05 binned profiles we do not terminate the profiles until there are 3 consecutive bins that have a colour uncertainty of greater than 0.2 mag arcsec −2 . Clusters reach this point at various radii -the groups extend to 53-120 kpc and the CLASH clusters reach between 75-250 kpc. In Figure 6a we show F110W−F160W colour profiles e+k corrected to z=0 for our entire sample of systems. We use EZGAL (Mancone & Gonzalez, 2012) to estimate the e+k corrections for a Bruzual & Charlot (2003) (hereafter BC03) simple stellar population model with solar metallicity, formation redshift of z f =3, and Chabrier initial mass function (IMF) (Chabrier, 2003) . We have omitted error bars for clarity, representative uncertainties are shown in Figure 5 . Figure 6b shows the same profiles as in Figure 6a but each system is scaled to its r 500,c . A tabular version of the observed (not e+k corrected) F110W−F160W profiles in dlog(r[kpc])=0.15 bins, along with 1σ errors, are available in the appendix (See Table E1 ).
We measure the ICL colour gradients using the dlog(r[kpc])=0.05 radial bins, and define the colour gradient, d (F110W-F160W)(d log(r) ) −1 , as ∇ F110W−F160W henceforth. The radial extent of the colour profiles varies significantly between groups and clusters. If we fit all systems to a constant outer radius, then this restricts us to a maximum radius of 53 kpc (RXJ1334). Conversely, requiring data extending to 110 kpc would eliminate 6 of the 7 group systems. To understand the effect of maximum radius on the measured colour gradient, we first fit all systems to 53 kpc. For those systems whose colour profiles reach 110 kpc we then refit the colour gradient. We find that no systems are significantly affected by changing the outer radius of the fit from 53 to 110 kpc, though fits using the larger outer radius have lower uncertainties. We next bin our systems into clusters (M 500,c >1×10 14 M ) and groups (M 500,c <1×10 14 M ) perform a simultaneous fit to all profiles in each bin to compute a best fit ensemble gradient. For the groups we find a colour gradient of ∇ F110W−F160W =−0.143±0.025. For the CLASH clusters we find ∇ F110W−F160W =−0.093±0.011. At face value, these fits argue that the group and cluster gradients differ at the 2σ level. To test the robustness of this result, we next assess the impact of the choice of inner fitting radius. In the discussion thus far we have been using a nominal inner radius of 10 kpc. The choice of inner radius is potentially important because we must avoid the central region where the BCG dominates the observed luminosity. In this regime, the BCG colour gradients are typically much flatter than for the outer ICL profiles. Inclusion of radii for which the BCG dominates the luminosity will thus bias the observed measurements towards shallower ICL colour gradients. We repeat the joint fit using an inner radius of 15 kpc. With this revised inner radius we find ∇ F110W−F160W =−0.114±0.040 for groups and ∇ F110W−F160W =−0.104±0.015 for the clusters-values that are consistent to within the observational uncertainties. We thus see no statistically significant evidence for a mass dependence of the observed colour gradients.
We also recompute the individual profiles using 15 kpc for the inner radius. The colour gradients of the ICL remains in the range of -0.25≤∇ F110W−F160W <0 for all systems whether they are measured with an inner fitting radius of 10 or 15 kpc. For individual systems, particularly the groups, values can change by more than the statistical uncertainties. These changes reflect the fact that the highest signal-to-noise comes from the smaller radii, so any colour variations due to structure on these scales can impact the overall fits. Despite the ambiguity in colour gradient, which depends on the choice of inner fitting radius, we find that all but one cluster show a negative colour gradient at the ≥3σ level. The outlier, MACS0329, was one of the four systems studied in Paper I, where we first noted its flat colour gradient. As a check, we compare the best-fit colour gradients of the four clusters from Paper I to those derived with the re-processing described in this Paper. For these four clusters (MACS1206, MACS0329, MACS1149, & MACS2129) we find best-fit slopes that are consistent with the published values of Paper I within 1.5σ.
We also perform a simultaneous fit to all colour profiles to find the characteristic colour gradient for the entire sample of groups and clusters. Using a χ 2 minimization, we fit for the colour gradient that best represents the entire sample by simultaneously fitting all colour profiles from 10<r<110 kpc, letting the normalisation of the fit vary for each cluster. We find an ensemble bestfit slope of ∇ F110W−F160W =−0.097±0.012. Repeating this evaluation for all colour profiles with an inner radius of 15 kpc we find ∇ F110W−F160W =−0.105±0.018, which is consistent within 1σ of the best-fit using a 10 kpc inner cutoff.
We express the colour gradients in terms of physical units (kpc), but the logarithmic definition of the gradient (dlog(flux)/dlog(radius)) means that a simple scaling of radii by r 500,c will not affect the quantitative measure of the gradient. The potential effect of considering objects that span a range of sizes arises only from scale-dependent deviations from a power-law gradient between groups and clusters, such as the role of the BCG that we explored with the selection of the inner radius. Ultimately, we selected to express the gradients in physical units because that is the simpler, most robust expression that can be compared to simulations.
ICL LUMINOSITY AND COLOUR GRADIENT DISTRIBUTION
In Paper I we had a much smaller sample of clusters -only 4 CLASH clusters. Still, based on the observed negative colour gradients combined with the high ICL luminosities of those first four clusters we concluded that tidal stripping of L>0.2L* galaxies is the dominant means by which the ICL builds up. With this expanded sample consisting of 16 massive CLASH clusters and 7 less-massive galaxy groups, we have a greatly expanded sample with which to test if these conclusions hold, particularly as we can investigate the effect of total cluster mass on ICL characteristics. Of the 23 groups and clusters in our sample, all but one show negative colour gradients at the 3σ level or higher (bestfit gradients are listed in Table 2 ). From our simultaneous fits to the binned group and cluster colour profiles we find that the groups have a characteristic colour gradient ranging between ∇ F110W−F160W =−0.143±0.025 to ∇ F110W−F160W =−0.114±0.040, for colour profiles measured with an inner radius of 10 and 15 kpc, respectively. For the more massive clusters the best-fit colour gradient ranges from ∇ F110W−F160W =−0.093±0.011 to −0.104±0.015.
Such negative colour gradients can be produced by either dwarf disruption or tidal stripping, but not via violent relaxation after major mergers with the BCG (Eigenthaler & Zeilinger, 2013; La Barbera et al., 2012; Melnick et al., 2012, See §1) . We conclude that either tidal stripping or dwarf disruption are the dominant channels of ICL growth over a wide range of cluster masses for systems at z<0.9. However, we cannot discriminate between the two mechanisms using the observed negative colour gradients alone.
As in Paper I, we use the total ICL luminosity and stellar mass to break the degeneracy between tidal stripping and dwarf disruption. We convert the radially averaged F160W flux profile into equivalent L luminosities. Values for the BCG+ICL luminosity within 10, 50, and 100 kpc are listed in Table 2 .
For r<100 kpc we find total BCG+ICL luminosities within 100 kpc of L BCG+ICL >1. (Chabrier, 2003) , solar metallicity, and formation redshift z f =3 at z=0.5). These luminosities are too great to be explained by dwarf disruption alone -shredding the number of dwarfs it would take to equal this luminosity would leave an indelible mark on the faint end slope of the member galaxy luminosity function.
On average the groups have a BCG+ICL luminosity between 10<r<100 kpc of L 10−100 =6.4×10 11 L (∼6 L*). To produce this level of luminosity, the faint end slope of the galaxy luminosity function (GLF) would need to evolve from at least as steep as α=-1.85 to present day values of α ∼-0.8 (Lin et al., 2004; Muzzin et al., 2007) . Such an extreme change in the faint population of galaxies in clusters is inconsistent with the observed lack of evolution in α since at least z∼1.3, and potentially since z∼3.2 Strazzullo et al., 2010; Wylezalek et al., 2014) . Dwarf galaxies below the completeness limits of these studies are not the answer either; producing the observed ICL luminosities from such faint galaxies alone would require a near-divergent GLF faint end slope. Thus, we infer that dwarf disruption cannot account for the majority of the ICL regardless of the total mass of the cluster in which the ICL is being formed.
Further, the average amount of BCG+ICL luminosity observed between 10<r<100 kpc in the group sample, which is considerably less than that for the more massive CLASH clusters, cannot be explained exclusively by violent relaxation after major mergers with the BCG. If each major merger event deposits 20-50% (as in Murante et al. (2007) or Lidman et al. (2013) ) of the incoming L* galaxy into the ICL this would require 12-30 merging events to account for the average 6 L*of light in the ICL (10<r<100 kpc) of the galaxy groups. This number of mergers is a few to 10 times higher than the expected number of major mergers after z=1 (Lidman et al., 2013) , which is when the majority of the ICL is expected to build-up.
In Figure 7 we show the BCG+ICL stellar mass, M , as a function of M 500,c in the inner 10 kpc (circles) and r<100 kpc (triangles) for each system. We arrive at these stellar masses by taking our measured BCG+ICL luminosities and applying a solar mass to light ratio from a BC03 simple stellar population (SSP) model with Chabrier IMF, formation redshift z f =3, and solar metallicity. For the groups the stellar mass at r<10 kpc, which is dominated by the BCG, has a mean value of 2.2×10 11 M . For clusters with M 500,c >1×10 14 M the equivalent stellar mass is 3.2×10 11 M . At r<100 kpc, these values grow to 5.5×10 11 M and 1.2×10 12 M for groups and clusters, respectively. The trend of increasing BCG+ICL stellar mass with total cluster mass is consistent with other recent baryon census studies and models of galaxy groups and clusters (Gonzalez et al., 2013; Contini et al., 2014; Laganá et al., 2013; Zhang et al., 2007) . We fit the M -M 500,c relations with a power law for the total stellar mass within 10 and 100 kpc. We find M ,10 ∝M 500,c 0.17±0.06 and M ,100 ∝M 500,c 0.37±0.05 The stellar mass within the inner 10 kpc has a shallower index (0.17±0.06) as compared to the r<100 kpc index (0.37±0.05). This difference suggests that while BCG+ICL mass grows with cluster mass, there is a maximum stellar density threshold which prevents further central growth, even in the largest clusters. The total stellar mass instead must grow primarily from accretion at larger radii.
We note that these fits are to M 500,c values that correspond to the mass of the clusters at their redshift (not evolved to z=0) and that our sample does not constitute an evolutionary sample. Thus we cannot speak to how the BCG+ICL stellar mass distribution changes as a given halo evolves. However, we can conclude that for a given cluster mass the ICL contains a larger fraction of the stellar content of the cluster core than the BCG (r<10 kpc) and that this inequality grows with increasing total mass. Additionally, we find that although the stellar content of the BCG+ICL goes up with total mass, it increases more slowly than the host cluster total mass. Qualitatively this suggests that low-mass, group environments, are more efficient at producing ICL than clusters within a fixed physical radius. These conclusions echo those found by Gonzalez et al. (2013) for a sample of low-redshift clusters with 1×10 14 <M 500,c <1×10 15 M .
Equivalent Galaxy colours
Several recent observational studies use the ICL colour in comparison to the galaxy member population colours to constrain which galaxies contribute most to the build-up of the ICL (Krick et al., 2006; Krick & Bernstein, 2007; Montes & Trujillo, 2014; Morishita et al., 2016) . This can only be a rough comparison; only the lowest mass galaxies are completely disrupted and thus fully deposited into the ICL and therefore match the observed ICL colour one-toone. We use the observed colour of the ICL at each radius to constrain the galaxy progenitor population. In the simplest case, where a single type of galaxy dominates the contribution, then the colour of the ICL will match the colour of the progenitor population. In reality, we expect a variety of galaxies to contribute. However, because the galaxy red sequence sets a limit on reddest galaxies possible and because that limit is a function of luminosity and therefore mass, one can constrain the progenitor population by requiring that the reddest galaxy contributing to the ICL not already be bluer than Quoted uncertainties on the stellar mass do not reflect systematic errors associated with the mass to light conversion, which is model and IMF dependent. Nor does it account for any possible gradient in the M/L ratio of the ICL. the ICL. For example, if the reddest low mass galaxy is bluer than the ICL, then low mass galaxies cannot be the dominant progenitor population of the ICL. In this way we investigate how the dominant galaxy donor changes as a function of radius, and how more realistic physical scenarios, in which the donor red sequence galaxy is not completely disrupted, affect the range of galaxies that can significantly contribute to the ICL. Connor et al. (2017) have created a photometric catalog of all the CLASH fields, which uses multi-scale, mode-based background subtraction to detect both the full extent of large galaxies as well as small galaxies embedded in diffuse cluster emission across all 17 CLASH filters. colours are measured in fixed apertures between filters, at sizes comparable to the Kron radius, after subtraction of individual local backgrounds. They then calculate photometric redshift probabilities using the Baysian Photometric Redshift code presented by Benítez (2000) (BPZ 2 Benítez et al., 2004; Coe et al., 2006) and model stellar populations for each galaxy with iSEDfit (Moustakas et al., 2013) . Connor et al. (2017) define a set of cluster members for each cluster, based on the following ordered priorities: spectroscopic redshift (where available), photometric redshift probability, SED goodness-of-fit, and a less stringent photometric redshift probability; a more detailed description of this selection is provided in that paper.
After we apply the CLASH member identification to the catalogs, we e+k correct the galaxy magnitudes to z=0. For each cluster we then subtract m * ,F160W from the measured F160W galaxy magnitudes to normalise all clusters' members magnitudes relative to m * . We determine m * ,F160W for each cluster using a Coma normalisation with a BC03 SSP with z f =3.0, solar metallicity, and 2 http://www.stsci.edu/ ∼dcoe/BPZ/ Chabrier IMF. We then create a composite colour-magnitude diagram in F110W−F160W and perform a weighted linear fit to determine the red sequence. We initially fit to all galaxies, and then clip galaxies beyond 0.15 mag from the best fit line and fit again. This relation allows us to translate the observed ICL colours to the magnitude of a red sequence galaxy with equivalent colour. We find that the bluest ICL colours in the range of 10<r<100 kpc (0.008-0.13 r 500,c ) are consistent with cluster galaxy colours at M * +2.5, equivalent to L>0.1 L*, as seen in Figure 9 .
We note that M * +2.5 is only the equivalent magnitude galaxy that matches the observed ICL colour at 100 kpc; this assumes red sequence galaxies, regardless of mass, are completely disrupted to build the ICL. However, galaxies are not necessarily fully disrupted and the extent to which stars are removed depends on both the mass and orbit of the galaxy. Because of the internal colour gradients in early-type galaxies, there is actually some range in colour of stars that can be stripped into the ICL. For more massive galaxies in many cases only the outskirts are stripped during tidal interactions and therefore only stars bluer than the total integrated colour of the galaxy are added to the ICL. Thus, our calculation of the mass of galaxies contributing to the ICL in the complete disruption scenario is a conservative lower limit on the progenitor population of the ICL as a function of radius.
From La Barbera et al. (2010) , the internal colour gradient of massive early-type galaxies in the near-infrared is ∇ Y−H =-0.061 mag/log(r). Assuming stars are only stripped from 1-2 times the radius that drives the observed luminosity-weighted colour, this corresponds to stars that are 0.018 mag bluer than the integrated colour of the galaxy. In order to match the observed ICL colour to these bluer stars we must, in effect, move the red-sequence relation (as in Fig 8) bluer by 0.018 mag. We then repeat the conversion from observed ICL colour to equivalent galaxy magnitude with this shifted red-sequence. The ambiguity in ICL progenitor source (total disruption vs. tidal stripping) is represented in Figure 9 as the red shaded region, which encompasses galaxies ∼0.5 mag brighter than the total disruption (solid line) scenario. This procedure, as described in the preceding text, is only a first order estimation to the colour range of stars liberated from a galaxy's outskirts. The actual tidal radius to which a galaxy is stripped depends not only on the galaxy mass, but also on the location within the potential at which it is being stripped. However, using this metric, we can place constraints on the dominant ICL progenitor galaxy population as a function of cluster radius -at a given radius there is typically a range of ∼0.5 mag in the magnitude of galaxies contributing stars to the ICL assuming a stripping depth of 1-2 times the radius which drives the observed luminosityweighted colour. Further, we can use the derived equivalent magnitude galaxy versus radius (Figure 9 ) in conjunction with the median colour profile versus radius of the CLASH clusters to identify the fraction of the total BCG+ICL luminosity within r<100 kpc as a function of cluster member galaxy magnitude. In this way, we infer that ∼75% of the total BCG+ICL luminosity within r<100 kpc is consistent with red sequence galaxy magnitudes of M * +1.6 and brighter (log(M )>10.4). The models of Contini et al. (2014) suggest that 68% of the ICL originates in log(M )>10.5. This theoretical prediction is not dissimilar from our observational constraints, suggesting that the majority of the ICL originates in such massive galaxies. Composite CMD for all CLASH clusters, using cluster membership catalogs from Connor et al. (2017) (as described in §6.1). Each cluster is e+k corrected to z=0 with EZGAL using a BC03 model with SSP, z f =3, Chabrier IMF, and solar metallicity. We find m * for each cluster with the same SPS model with a Coma normalisation. We then normalise all F160W magnitudes to m * ,F160W by taking m F160W -m * ,F160W for all clusters. Our red sequence fit is illustrated with the solid red line. Horizontal dashed lines represent the median ICL CLASH colour at r=10 kpc (upper) and r=100 kpc (lower).
ICL Origins
One aspect this study adds to the above narrative, beyond confirming our conclusions from Paper I with a larger sample, is an analysis of how the composition of the ICL changes due to the mass of the system in which it is being formed. Galaxies might be expected to interact and evolve differently depending on the halo in which they reside. In more massive clusters ram-pressure stripping, harassment, and minor-mergers are significant mechanisms that affect individual galaxy growth and subsequent evolution (Park & Hwang, 2009; Smith et al., 2010; Weżgowiec et al., 2012) . However, in lower-mass groups tidal interaction between galaxies are more efficient at stripping galaxies due to longer interaction times and can therefore significantly impact a galaxy's evolution. The ICL records these differences in galaxy interaction rates and types as it collects all of the stripped stars throughout the cluster assembly history.
To start addressing this concept observationally, we look to how the luminosity, colour, and colour distribution of the ICL behave over the mass range probed in this sample. As presented in Table 2 , the colour gradient of the ICL remains in the range of −0.25≤∇ F110W−F160W <0 for all systems whether they are measured with an inner fitting radius of 10 or 15 kpc. However, because of the group colour gradients are not individually robust to the choice of inner fitting radius (See §5.2), we cannot use the observed colour gradient as a function of total cluster mass as a diagnostic of the dominant formation mechanism. Instead we bin our sample into two sub-samples using a dividing mass of 1×10 14 M and simultaneously fit all profiles within a bin. As discussed in §5.2, the results Figure 9 . Using our best-fit red sequence as in Figure 8 , we translate the observed colour of the median CLASH ICL colour profile at each radius to a red sequence galaxy with an equivalent colour. In this way we estimate the progenitor population of the ICL if all galaxies that contribute to the ICL are completely disrupted. The red shaded region represents the possible range when instead of complete disruption, galaxies are only stripped from 1-2 times the radius the drives the observed luminosity-weighted colour. The total disruption (black) line represents a hard lower-limit on the magnitude of galaxy that can significantly contribute to the ICL at that radius. A galaxy with the same equivalent colour as the ICL at 100 kpc (∼0.1r 500,c ) corresponds to a M * +2.5 galaxy.
of these fits do not indicate that a statistically significant relation exists between colour gradient and total cluster mass.
Given the negative colour gradients, high luminosities, and red colours of the ICL the combined evidence indicate that tidal stripping of massive galaxies (log(M /M )>10.4) is the dominant channel of ICL formation within 100 kpc (0.08-0.23 r 500,c ) for groups and clusters spanning 3×10 13 −9×10 14 M at z<0.9. However, these observations do not isolate whether stripping is predominantly due to the cluster potential or galaxy-galaxy interactions. However, we do note that a recent study by Giallongo et al. (2014) has made some basic assumptions about the origin of the ICL and calculated the fraction of cluster light contained in the BCG+ICL as a function of radius. Assuming circular orbits, and tidal stripping from the cluster potential alone, they are able to recover the potential shape of cluster CL0024+17 (z∼0.4), as measured with weak lensing. This correspondence between the weak-lensing potential shape and the distribution of stellar light from the BCG+ICL suggests that stars liberated from their natal galaxies via stripping by the cluster potential (as opposed to galaxy-galaxy interactions) may constitute a significant portion of the total stellar content of the ICL. It should be noted that no study has yet to use the distribution of the ICL in a similar manner to test potential formation mechanisms starting with a different baseline assumption (e.g. stripping galaxygalaxy interaction and/or pre-processing in in-falling groups).
CONCLUSIONS
Using our sample of 23 galaxy groups and clusters ranging in redshift from 0.25<z<0.89 and M 500,c = 3×10
13 −9×10 14 M , we constrain the progenitor population and formation mechanism of the ICL with analysis of the surface brightness, colour distribution, total luminosity, and equivalent red sequence galaxy colour.
(1) We rule out major mergers associated with the BCG as the dominant channel of ICL formation beyond 10 kpc. Our F110W−F160W colour gradients, fit between either r>10 kpc or r>15 kpc and 53-110 kpc, are negative for all systems but one at the 3σ level or greater. Many successive major mergers would eradicate a gradient in the stellar populations of the ICL (La Barbera et al., 2012; Eigenthaler & Zeilinger, 2013) . Additionally, for violent relaxation after major mergers with BCG to produce the observed level of luminosity of the BCG+ICL at r<100 kpc, an order of magnitude too many the expected number of mergers with the BCG would have to occur after z=1 (Lidman et al., 2013) . Thus we are left with only tidal stripping or dwarf disruption as potential mechanisms of ICL formation that can produce the observed negative colour gradients in the ICL. (2) ICL luminosities are too bright for dwarf disruption alone to be the dominant source of intracluster light and leads us to conclude that tidal stripping of more-massive galaxies is the likely dominant formation mechanism of the ICL. All CLASH clusters show a total BCG+ICL luminosity within r<100 kpc greater than 1.3×10 12 L , and as high as 3.5×10 12 L . The groups have lower ICL luminosities in the range of 0.7-1.3×10 12 L . To produce the minimum of 6 L* of luminosity from 10<r<100 kpc for the group sample via the disruption of dwarf galaxies would require hundreds of dwarfs. In turn, this would significantly flatten the faint-end slope of the luminosity function for z<1, which has not been observed Wylezalek et al., 2014) . (3) By matching the colour of the ICL with the colours of cluster galaxy members, we find that the ICL colour within 100 kpc is consistent with red sequence galaxies with M<M * +2.5, or L>0.1 L*. We have constructed a composite CMD for all CLASH clusters and fit the red-sequence colour-magnitude relation. Under the assumption that a galaxy is completely disrupted and directly added to the ICL, which we note is not physical for massive galaxies, we convert the observed median CLASH BCG+ICL colour profile to the equivalent magnitude red sequence galaxy donors as a function of radius. This offers a conservative lower limit to the mass of the ICL progenitor population. In more realistic scenarios, only the outer regions of galaxies will be stripped during tidal interactions, which are bluer. Further, we find that 75% of the ICL luminosity originates with M * +1.6 and brighter galaxies (log(M /M )>10.4). The stellar content of the BCG+ICL goes up more slowly than the host cluster total mass growth, suggesting that the ICL is more efficiently produced in low-mass, group environments. The similarity of the BCG+ICL absolute colours and colour gradients over our groups and cluster samples indicates that one dominant ICL-producing mechanism operates over our entire mass range. Such observations offer a benchmark for future models and simulations to reproduce when investigating the progenitor population and formation mechanism of the ICL in halos ranging from group to cluster masses.
The observed high luminosities, negative colour gradients, and red colour of the ICL point to the following: at z<0.9 the ICL in the inner 100 kpc is built up largely via tidally stripping of massive galaxies with log(M /M )>10.0 (L>0.1 L*) Additionally, we estimate that 75% of the ICL luminosity in massive clusters like the CLASH sample is consistent in colour with originating in galaxies more massive than log(M )>10.4. Finally, we find a difference in the total ICL content within 100 kpc in systems at group and cluster masses with more-massive clusters hosting greater total ICL stellar masses. The wide mass range of this sample (which includes groups and CLASH clusters) makes it one of the first to constrain the progenitor population and formation of the ICL in varying environments for a significant number of groups and clusters, which we use to evaluate the effect of cluster mass on the characteristics of the ICL. Looking forward, we plan to further constrain the formation history of the ICL by looking to the BCG+ICL content in high redshift (z>1) clusters. Additionally, detailed baryon census measurements of groups and clusters spanning a large mass range offers a way forward in understanding the effect of total cluster mass on the build up and origin of the ICL.
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APPENDIX A: DELTA-FLATS
To create the δ-flats used in the reduction of HST WFC3/IR imaging, we downloaded all F160W, F110W, & F105W imaging taken between October 2010-November 2013 from the HST archive. We then searched through all observations to isolate only the sparse, extra-galactic fields. All Galactic fields, images with high nebulosity, and galaxy clusters were removed and then all astronomical sources were masked in the remaining images. Each image was normalised to the median of the unmasked pixels and for a given filter/epoch combination we then median combined the image stack, finally normalizing the combined images once again to the median value. Due to the popularity of certain filters for observations, we were only able to create two epochs of δ-flats for F110W, whereas for F160W and F105W we had enough images to create three different epochs of δ-flats. The number, and date range of the δ-flats which we created are summarised in Table A1 and images of the delta-flats are shown in Figures A1, A2 and A3 . Figure A1 . The F105W δ-flats produced, marked with the date range of images used to build up the δ-flat. The number of input images in each is detailed in Table A1 . Figure A2 . As in Figure A1 , but for the F110W δ-flats. Figure A3 . As in Figure A1 , but for the F160W δ-flats.
APPENDIX B: PSFS
Here we present the F105W, F110W, and F160W PSFs that we create to r<28 . In Table B we list the additional fields used to create the composite PSFs, including the RA, DEC, and program number for each dataset. For each filter we use 10-15 fields observed in the same time frame as our science images. We present the radially averaged, composite PSFs in each passband, normalised at 2 , out to r<28 in Figure B1 .
APPENDIX C: CLUSTER OBSERVATION DETAILS
The HST imaging data used for this study comprises F105W, F110W, and F160W images taken over several years from either the CLASH survey or HST-GO #12575. In Table C1 we present details on the multi-epoch observations of the CLASH and galaxy group sample, including observation dates, exposure times, background values, and background surface brightness limits for all epochs and all filters of data. Figure B1 . Radial PSFS normalised at 2 out to r=28 in F105W, F110W, and F160W in blue, green and red lines, respectively. The brightest stars in our science images (F160W∼14.5 mag) reach the uncertainty in the background at r<25 , thus these PSFs are sufficient large to ensure than there is not significant contribution to our measurements due to the light in the extended wings of the PSFs. To compare the F110W−F160W profiles of the CLASH clusters to the F105W−F160W profiles of the galaxy groups, we calculate a redshift-dependent colour transformation for each group and cluster. We assume that the colour correction increases linearly as the observed F105W−F160W colour becomes redder and that F105W−F110W=0 when F105W−F160W=0. The slope of this relation is then the ratio of F105W−F110W to F105W−F160W for an L* galaxy, as produced using EZGAL under a Coma normalisation using a BC03 model with a simple stellar population, Chabrier IMF, formation redshift of z f =3, and solar metallicity.
The parameter A is the colour correction derived from EZGAL, and values used can be found in Table D1 . Finally, we apply this colour correction, as written in Eqn D1, to the F110W−F160W colour of each bin in a given cluster's colour profile to produce the final F105W−F160W profile. To insure that the choice of model metallicity has no systematic effect on the corrected profiles we use clusters with robust F105W−F160W and F110W−F160W profiles to test how model metallicity affects the colour transformations. By comparing the actual F110W−F160W profiles with converted F110W−F160W profiles, which are produced by transforming the F105W−F160W profile with models of varying metallicity. We find that a colour correction produced with a model of solar or super-solar metallicity is well matched to the observed F110W−F160W profile. Using a solar metallicity model produces transformed colour profiles that have a maximum difference from the observed F110W−F160W profiles of 0.04 mag. Because there is a metallicity gradient in the stellar population of the ICL a single metallicity model does not capture colour transformation perfectly. Thus we also look at the effects of apply a colour transform assuming a constant metallicity on the measured colour gradients in F110W-F160W. We find that the colour gradients measured on the original F110W−F160W and transformed profiles are consistent within 3σ. We do note that for three of the six clusters with robust F105W−F160W and F110W−F160W profiles the transformed profile gradients are shallower than those measured on the observed colour profiles.
APPENDIX E: COLOUR PROFILES
In Table E1 , we present the observed (not e+k corrected) dlog(r[kpc])=0.15 colour profiles of all systems out to radii where the uncertainty in the measured colour is <0.2 mag arcsec −2 . These colour profiles are those used in the figures of this paper. Note, the surface brightness and colour gradient measurements in this paper are derived from the dlog(r[kpc])=0.05 bin profiles. , A&A, 467, 437 Ziparo F., et al., 2013 
